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¥ore receatly (Eul'vanovakiy et al. [9]), thers is evidence
that still further refinement of the techniquss for stidying the -
Tioelectrical sctivity of neural specimens is teking plmnim
¥ig. 3). This F-shaped wet chamber consists of a thin, glass hous-
dng the sise of which can be adjusted to conform to individual ex-
wmntal conditions and problema. The main feature of such a

Pig. 3. Wet chaabex for
studying the bioelectris
activity of neural specimnnys

. chasber 18 the freedon of recording nerve bioputentials under .
virtually normal, in vivo conditions., Ia their experiments, the
authors used wet chambers with the folloving dimensionss 5-mm glass
* tibing 15 ma long with 2-mm projections for the insertion of platinum
electrodes. The electrodes are tightly fixed in the orifices of the
m:mmm.;-oloop«l at the ends. TLe loops are 2 raa in dia~
and the distance detween electrodes is 5 m., These sinply con-
structed chaxbers guarantee constant electrical contast with ths nerve

apd uwsy be placed smong the organs and tissues contalning neural specimerns.,

8ince danage to the specimen can be avoided through the use of wet
eh?;u, and since temperature and humidity integrity are assured

g

ware resesrch is not mentioned, it seems likely that the principle
ocould £ind epplication here if the sppropriate housing materials were

As earlier atated, relatively few definitive in vivo and
ally in vitro anvestigations on the neural effects of EMF's
been reported ty the Soviets. Kholodov [10] studied the effocts
WP (1000 v/m) on neuronally ieclated sections of the cerebrum and
midbrain of rabbits. Exposure duration vas 2-~3 min with 20——40-min
intervals betwsen exposures. Kholodov compared his results with the
bloelectrical activity of intact brains and found that the latent
of the reaction of a neuronally isolated cortical specimen to

vas 27 sec, as opposed to 53 sec for an intact brain. The UHP
aftereffoct duration for the former was shorter (1~—5 min) than for
the latter (15—20 min). Kholodov did not speculate whether these

i
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organs or tissues, the prolonged viability of neural
structures is possible, WVhile the applicution of such a system in micro-
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offects were of a thermal or nonthermal nature and this could not
be ascertuined from the irradiation parameters described. However, !

. the resul’s of this stuly are consistent vith other, parallel in- B

b

vestigations vhich have shown neural excitation to be characteristic
of the response to microwave-range RMF'e. . : -

Perhaps tho best controlled and wost definitive research on

: the sffects of microwaves on specific neural functions is reflscted

in a report by Yu. I. Kanenskiy [(11], vho studied the functional

state of the frog nerve n. f{echiadicus, 4 expogsure to pulsed

and continuous 10==12.5-cs vaves (1=—11 mi/cw®). Ia this study, he
first deternined the thermal parsmsters of the microwave regimesns

used and selected an intencity of 11 mw/cm?, which vas sufficient

to increase the temperature of thes neural specimen by 1°C after an
exposure_of 20-30 min., The effects of continuous microvwaves (12.5 cm,

- 11 mu/en?, exposure duration 20 win) vere studied in the first sericn.

In 34 tests, no reliable changes in threahold sensitivity vere noted,

- . "The author 4id note, howvever, increased conduction rate, adbbreviated
. abgolute and rohu;t rd'ne&oq :

" sEplitude, which he judged to be of a thermal nature.

phases, and altered action current

Most interesting vere his tests with pulsed microwvaves (10 cm,

' maec pulse, 700 pulses/sec, exposurs duration 20~30 xin). Here, & .

definite increase in meural conduction and excitadbility was observed
snd vas judged to be a result of the nonthermal (specific) effect.
His reason for thism coneclusion was that at a frequency of 700 pulses/sec
(pulse interval 1.2 msec) there vas a mmmation of nevval shifts.
pulsed intensity of radiation bere was 1400 timss greater than the me
level of intensity during contimmus irradistion. Also, at frequencies
of 100 and 200 s/sec, the pulss interval (5—10 msoc) was too
great to result in summation. -Finally, the 0.2°C increase obssrved
specimen temperaturs during pulsed irradiatior could not explain
Live~ to tenfold increment in conduction rate over valuss od-

vhen specimens were physically heated. Thus, definite, re-

able shifts in neural excitation wers observed during pulsed -
10-ca-vave irradiation vhich could not be observed during coatinuwo

1

. irradiation. The results of this investigation support the widely

held Soviet viev that pulsed microvaves are more biologically active :

.-4n the neural sense than continuwus (nonpuled) microwaves.

. m,thn is no evidence that Xamenskiy has continued
ressarch along these lines since 1964, However, another spproach
vhich has recently received more attention is boing pursued by

". Presman [12],vith vhon Kemenskiy hss collsborated in the past [8]. _
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1n [12] Premman studied the effects of pulsed and contimwous
12.5~cm Waves oa the so-called exrditable systam of paramecis as
possible to revealing the nonthermal mechanisms of micro-
e effects on higher neural structures. }e had previously demon-
Arated that paremscia, vhen exposed to oa-c and d-¢ currents, ex- . .
ibited an "elsctric shock reaction® (ESR) at certain threshold doses. - .
2 this study, be exposed paramscis located in a polystyrene chanber
i vith & hay infusion and attached to the microvave gecerstor *o
sntinuous, 12.5-ck vaves in doses of ons Der second (dose duration
100 msec)s TEim parametor resulted in & reaction similar to the
SR, A second series vas exposed to pulsed (200--700 pulses/sec) -
Jecm waves With 750 msoc durstions once per ascond., This para~
r revealed that the mean powver threshold values for pulsed micio-
ves vere higher than for contisucus micxowave valuea., Ag din =
iyts study vith the frog nerve [11), a cumidative effect vas
haracte: c of :: pulsed 10-cm vaves, It is &m&ﬁu to note
hat Premmsn used same parsmsters Kamenskiy 8 eXperi- . .
nts. Since both these researchers collaborated in the design of
for these neurally oriented studies, it is entirely possible

:' both used the sume hardvare,

- Presman's third aand fourth series of investigation vare designed

5 ascertain vhether microvaves sensitized paramecia to el).ctrical cur-
ntse It was found that microvaves decressed the threshold voltage
‘Secessny to eveke un ESR, The author interpreted these results, to-
Sether vith the fact that heating did not exceed 1.5°C in any series,
o indicate the nonthermsl effect of microwaves., Ris argumsnts against

R therml explanation of the mschanism of the observed microwave effects
as follovss 1) excitation threshold values for pulsed and con-
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shold power and ves noted. Presman was satisfied that s T
approach and the data obtained in this atudy would help to clarify o
mchunisn of microvave effects on the “excitabls” (noural) struc~ o
res of w animals. ) - ~— ‘.
Presman's results heve closely paralleled Xamsnskiy's, despite j
difference in the specimsns stidied. Since Presman and Kemenskiy - 3
ore (or stil) are) collsborstors, the ssme -spproaches to the problems *
M neural reacticns to microwaves have been employed. all of the - N
Aulies treated in this section, including Presmen's and Ksmenskiy's, '
tTongly favor the theory that the machaniem of microvave sffects on i
eural or neural-like structures is nontheraal, based on experiments 4

Vhich threshold or nonthermal field intensities were investigated.

; » Vhile one might expect that the interesting results of tho atudies

Atloned here weuld lead to an increased research effort in thia area,
besn oo recent perceptidle incresse in the awber of articles

oted to this problem.
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4¢ In vivo newrsl effects

- - A large complemont of the Soviet research community devoted .
to the neural effects of microvave-rangs EMF's has used & more in-
diract approach to the problem. Here, the function or behavior of
the whole organisa or parts of it are studied during the action of
various EMF irradistion parsmeters (local or whole-body irradiation).
Externsl, or functional patterns are deduced to reflect internal
nosaral effects in the sdsence of any investigation of the neural
structure itself. As regards the problea of classifying microvave
neural offects us thermal or nonthermul, the results of many invest-
igations ure doubtful in tuis respect inasmuch as the bilophysical,
chexmical, and even thermal paramsters of allegsd nonthermal effects
have not bean invostigated, Another drmvback of this indirect
npproack is the difficulty (if not absolute impossibility) of deter-
mining jtst hov much microvave energy has reached the newral struc-

© tures in question. This problem of comparative, in vivo/in vitro

tissue dosimetry is of open concern to many Sovist researchers,
Presman [5,6,13] in particular. The geaersl consensus is that com-
prehonsive research na this problem is absolutely necessary if the
specific mechanisme of EMF effects are to be revealed, Nonetheless,
the majority of Soviet researchers in thin field feel that the be-
havioral and functional spproach to studying EMF effects is a valid
one in thut it 5a possible to obsorve trends in biological responses
to EMF's which clearly differ from responses to other, better under-
stood stimuld, Therefors, this saction will reviev soms of the more
recent vorks supporting this belief,

As far tack as 1960, Presman [13] concluded that "Experimental
studies in the Soviet Union and abroad have clearly indicated that,
along vith a thermal effect on the living organisa, microvaves also
have & so-called 'specific! effect® (a term that Presman coined him-
self). Functicnal shifts bave beea observed in the nervous and
cardiovascular systems, as well as hemstological and metsbolic changes
resulting from chronic exposure to 10—12-ca UHF at nonthermal in-
tensities of 510 mv/cat, He was cautious enough to § iat out that,

" "The effective (medical) spplication of a specific effect of micro-
vavas is possibls only if the mechanisms of such an effect have been
fully established,.” . . , .

It should be mentioned here that many different microwave
research-oriented groups are active in this spprosch to reve
the behavioral and functional meschanisus of EMF effects. In fact,
it is safe to say that kygienists (both military and civilian),

13
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used, vhat the thermal parameters of the specimens studied vers,
- 3 o - and therefore, vhether the effects obsurved wers of a thermal or

o 7 ¢, . conthermal matwP®e ... . . e Loonozocc .l o

Innervated, partially denervated, and completely denervated

speclmens were invostigated and the results vere processed using s
msthod of variation statistics. Faytel'berg-Blank found that a
teon-minute exposure of the epigastral region to a 70-v, 12,6~
veve field did not alter intestinal glucose sdsorption in a dog
vhoss solar plexus had been eliminated, He concluded that sym-
pathetic nerves, the solar plexus in particular, participate in
- the trensmiseion of & microwvave effect from the epigastral region -
wp 7 0 to the iatestinal region. The vegosympathetic system also plays .
jis e a pubstaatial role in this respect. When vagosympatbhetic nerves
PR . . e blocked at neck level, the stimmlating effect of UWHF on re-
S 72 - sorption s impeded, VWhen spinal ganglia are blocked, UHP
2ol L 2 elevates the level of resorption but to a lesser degree than vhen
Saoen . the genglia are intact. The role of skin receptors wvas also dem~

... ... . onstrated, Thus, not only peripberal neural elements of the GI
Caer, ... tract, Dut also central nervous mechanisas were observed to be
o3 .7 vesponsible Tor transmitting UHPF effects. Hawever, since soms
e shifts in resorption vere cbaserved even in denervated specimens,
FE Faytel'berg-Blank proposed that humoral factors are also affected
. SR by UHF. In an attezpt to furthor reveal UNF mechanisas, he studied
. - - cell respiration in the specimens and found that UHF caused & shift
in this function also. He speculated that this might be a reflex: .
LA . vesponse (P wocting or controlling neural elements) or evidence
. . of adirect UHF effect on the cells, .

The results ott:.th'buﬂhak.u'- c:t? u;;o difncgt to
interpret. Hovever stimalatory effe on neural struc-
tures again vas cbserved. This sgrees with the results of sost
other investigations so oriented. . .

Another resorption study ves conducted by Yatsenko (16], vho
3 . " investigated the effects of a 20-min exposuro to 12.6-cm waves ({0 v,
. 0o valuss for pover flux density or the distance of the preparation
ek froa the 5—b-ca doctrodc;ugr IP::. "L:;h' gon;rmr gt-.-_cnzlon the
A . absorption of radiocactive Tus by knee-Jjo syncvial mem-
branes. This function vas stixdied in normsl animals and those with
severed spinal cords. Absorption activity vas found to increase
during the uction of UHF. Spinal cord elimination alons retarded
. absorption, valle under the effects of UHP, synovial absorption
increased, Yatsenko felt that this was svidence of a direct UHF
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effect on synovial receptors and cited Paytel'berg-Blank [15] . -
relative to the effects of UHF on peripheral nesves. Again, e
gince no thermal paramters vers mentioned in this study, it is

unsafe to speculute that this stuldy demonstrsted the specific ... :
effect of UHF on central or peripheral newral funetion, ™ ~—- - - ™

— e e R
Semerov [17] better described the radtation Pardmeters in
an fnvestigation of the thermodynamcs of innervated and denervated
‘Pesoral tissuss in rabdits exposed to 12.6-ca vaves (150300 mv/cx?,
presumbly a mapulsed field, 10-min exposure durstlon, 3-, 4-, and -
-24=hr intervals betveen exposurss), This vas clearly a hot exper-
‘iment and the author described in detuil typical teaperature-increase
valuss for femorul tissue during irradiation. Scmenov attributed .
" a.thermal cumilation or summation effect to neuroreflsctory processes
. 4n the central nervous systeam. To test this hypothesis, he anesthetised
animils and increaszed power density from 150 to™300 mw/cw* and found
that the cumulative thermal effect wvas almost entirely precluded. He
vas therefors sutisfied that sufficiently intense UHF {ields are
goverful atimulants vhich disrupt narmml CXS adaptive procssses, par-
ticularly tissus thermoregulation. Regrettably, he did not compare
the offects of UHF with the effects of convection or local heating
40 udd further strength to his conclusions. However, his study must
b:;:onsldcrod us further evidence that smicrowvuve EMF!'s affect CNS
octions. ’ .

Using another approach to the prodlea of revesling microvave
. oeural mechanisas, Pukhov [18] investiguted the effects of neuro-
tropic drugs (ed‘t:go and medinal) on the viability of mice exposed
10 thermal (50 me/cx*), nonpulsed, 12.6~cm vaves from a Luch-58 ther-
speutic generator. Exposure durations wvere 10 and 15 min, or the ‘
tine necessury to kill the snimals, Animals vere irradiated 10 min,
60 min, sed 24 hr folloving medinal injection and €0 min after cal-
felne injection, Pukhov found that caffeine, owing to its CNS stin~
effoct, statistically decreased the visdility of irradiated
animals, or, depending on the d>se administered, resulted in no .
administered 24 hr prior to irradiation increased the viability
of anisuls owing to its hypothermic effect. He could only conclude
from thia study that the mechanism of microvave effects on CNS func-
tions requires further study. Here, the thermal (50 mw/cs?) doses
tsed vould render difficult agy concrste conclusion as to the speci--
fic effects of microvaves, especially nonpulsed waves, which Kemenakiy [11]
and Presmun [5,6] feel are basically thermal in their effect, However,
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study vould indicate that nonpulsed, thermal, 12.6-ca vaves

hav) an ceit.gt_,ory effect on the CNS, - - . :

'~ In an interesting articls by Malakhov [19), the effects of
weak, nonthernal doses of UHP on conditioned reflexss vere con-

- sidered from the standpoint that such fields might plsy an im-
poztant role in actually triggering reflexss. Malekhov feels that
this prodlem is germane to the hypothesis that UHP, or microvave

© range fields, might act as "infrmation carriers” of extrusensory
signals (see the conclusions and discussion of this report).

- - To test this hypothesis, he attespted to develop conditioned :
reflexes 0.8 13,7-ca UHP fi¢1d (20 mv/cal) in mice by using 20-sec .
conditioned (UHP) signals and 15-sec unconditioned signals. Re= -

." 9ponses were-recorded oscillographically. 7The results of this ex-

-+ periment were dissppointing in that reflexzes to UHP, vhile deson-
strable, were characterised by a long period of developmsct, insta-
bility, a short residual effect, and rapid extinction, This smme
trend vas obaserved by Kholodov [10], vhose studies vill be discussed
in sore detail in the next section. Msalakhov could only conclude
that veak UHF fields are of little "informetive® (stimulatory) value

8 tb sssmulian CNS patterns. He did stuteo, howevar, that his results,

Tie T vhile dissppointing, deserved further investigution and that various

5. 0 animals (species not given) can serve as indicators (sensors) of

mlcrovave-range EMF!s,

In a very recent article, loshek [20] described an interesting
- sxperiment_conducted to reveal the combiced effects of pulsed WP
(1.0 -ﬂ(/ua, other radiation parameters not given) and Sonising radi-
ation (180-kv x-rays, 900-r vhole-body dose) on vhite rate. N
three groups of males were irrsdiated daily (2-hr exposure duration)
30 timea. The first group wea locally (hesd only) irradieted vhile -
the second group vas wiwle-body-irradiated by UHF. The third group
vas used as a control and vas irradiated by xz-rays only.

: The results of this study did not shov preliminary microwave
irradiation to have any protective effect, although lLoshak, on the
basis of other studies (nmot cited) had felt it might), He found, in
fact, that pre-UHF exposure actually resulted in a more rapid mortal-
ity of x-ray-irradiated snimals in both groups. The swvival time

. for locally, pre~UHP irradisted unimals wvas 17.1 + 3.2 days, for
vhole-body-irradiated animals, 11.9 * 1.0 days, and for control animals,

20.8 + 2,1 days, Thus, decreased resistance to x-rays wves the end
product of ponchermal UHF exposure. loshak attributed these results .
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to tih effects of UHF on hematopoletic structures, which in this
‘study vould imply that theso orgazs are even wmore seasitive to =% -
decimter-vave radiation than neural structures ia viev of the ¥ -
saximm mortality of wiols-body-irradisted animals, Loshak ated
that the lifespuns of these arlmale indicated hematopolistie injwy
(especially of the bone marrow). i ' :

Unfortunately, loshsk's article sppeared in sbatract form,
making it difficult for the reader to draw any coscrete conclusions,
especially those relative to the rols of the CXS in thie study.< Rowe
ever, the fact that the growp of locally (heed only) irrsdiated’ant-
mals also showed decreased resistance to z-rays is of interest;::1f,
as loshak stated, hemstopoletic injury ves responsible for decreased
resistance %0 z-rays, an explanation 1s pieded £6r the decressed ' ;-
(though not dramatically #0, e.g:, 17.1 ¢ 3.2 days vs. 20,8 ¢ 2,1
days) resistance of cersbrally irradiated animals. Above all, the
fact that such a demoastrable biologica) gffect vas observed in .~ -
response to such & low-intensity (1 mv/c®) decimster-vave £ie}d - -

is W at the very least, since it would indicate & - -

o s e o T
s suppo geaer ° n crovaves

ere highly active in the blological sense. L ’
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5. Reural effects c¢f low-frequency electromagnetic and
. megnetic rields '*' -

This section vill driefly reviev some recent research on the
. neural effects of 'sub-microvave-range BMP's and constant magnetic -
."fields, This area of research is of interest (with respect to mag-
netic fields in particulsr) bacause Kholodov [26,27], vho is now
active in magnetic field research, is also actively interested in
research on the neural effeects of microwave-range EMP's [10],

While research on lov-frequency or very-lov-frequency EMP's -
has been rather limited in scope and quantity, it is spparent from
tha rescarch of Petrov [21] (1929), vho initiated ccoprehensive re-
search in this area, that Soviet interest {n the biological effects
of EMF's has had s long history, Petrovislast article in 1952 [22]
demonstrated a vesk and unstadle reflex reaction to a lov-frequency
B{’. Since then, Sazonova's research (23,24] ard Plekhanov's recent
study [25] are tbe only indication of a continastion of Petrovis
approach, T

Sazonova [23]) investigated the peural functioa of rabdits exe

posed to a S0-cps EMF generated by tuo 10-M transformers through

x 500-m1 electrodes separated dy 1200 mm, Each transformer -

rated a 65,000-v field, The n. tibialis nerve (in vivo) wves
tudied using an argographic setup vhich wade it possible to load .
the pavs of the auimals wvith weights, Traiving prior to experimenta- .
tion required one month, The field intemsity ranged from 5001000 v/em,
He foupd that these EMF parsmeters had a deleterious effect on motor = .
function snd that the effect of a 1000-v/cm £101d vas more readily
spparent than the effect of a 300=-h0C-v/ca field,

In ber second study {24], Sazonova countinued to investigate - - -
the role played by the central nervous system in the motor aciivity
of rabbits exposed to the sme 50-cps EMP. Here,she used stimlatory
anl irhibitory aeurctropic drugs- (dibasol, novocain, aninsziie) as a
®thod of better revealing the neural mechanisms of the EMP effect.
Anizals were irrediated one hr daily, six days per week, for & wonth, -~ .
In this study, & 100,000-v/z field was used, She found that iphiditi e
of the reticular forumation (tests vith aminazine), or eliminstion aQ\
other neural pathvays (novocain) delayed EMP-induced fatigue. BEn-
hancement (dibasol) of CNS activity resulted in more rapid fatigue.
Sazonova thus felt thatshe had demonstreted un FMP effect on the cen-
tral nervous system relative to its participation in motor functions,
It is interesting that the results of thie study are similar to-the
results of some microvave experiménts which indicate a stimulstory
effect of EMP's on neural structures. Perhape, os Osipov sugpested

in 1965 [32], a wide vave range of EMF's have a more or less analogous
effect on the centrel pervous system,

19 .
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More recently, Plekhenov [25] studied the effects of a love

a plethysmograghic technique which he felt was the best approach bes

thst the mechanisms of the reception of this EMF range are to be

found in the retina and skin receptors, the latter being specific

EMF receptors, KEe concluded, however, that any living cells,

especially neural cells of the brain, are EMP receptors, and that

the mechanism Of intracellular reception might be physical and chemi-
cal in nature, The possibdility that EMF effects might be analogous

to weak doses of fonizing redistion ves not discounted, This would _ -

render the lov-frequency EMF a nonspecific stimulus,

2 .- As-to the effects of magnetic fields on "excitable™ and peural

y - - structures, it is notevorthy that Yu. A, Kholodov [26,27], the leading
soviet apokesman for this research effort, has also vedn active in re-
search on the neural effects of microvave-range EMF's [10}. In many
respects, the approaches to investigating the neursl mechanisas of
pagnetic field effects have paralleled the aches to the microwave
problem, Kogan et al, [28], like Presman {7}, studied the bebavior of
paremecia in capillary tubes exposed to magnetic fields of 160--1£0 oe,
fventy to thirty time mcasurements vers.mede tefore, 60--80 during,
and 20==30 after the action of the nmagnetic fields, It was found that-
yaramecia preferred the south pole of a magnet, that nagnetic effects
vere gradusl, apd that iknse effects persisted after removal of the
fivld, The effect Of a mugnetic field was found to be a function of

© 4ts strength, Kogan did not use Presman's approach to this prodlem,
-in that be did not study the so-called electric shock resction. He

_ concluded that the magnetin effects he observed might be extracellu-
.1ar in ssture (physica) and chemical changes in the medium), and that
this extracellular phenowenon might serve to explain the effects of
uagnetism on the functiomal state of organs and tissuwes. Nogan 444 .

~7 . DOt dlgcount the possibility that magmetic fieids might directly

&2 affect intracellular processes slthough he did not speculate on the
. JOesidble mechanisme of such effects, Kogan 414 not cite Presman's

¥ study [‘{l-nor 414 he discuss the so-called excitable system of -

.. Parmmecis. i . .

’ Xholodov [26] revieved the results of some of his investigations
on fish, frogs, and rabbits exposed to intermittent (50-cps) magnetic
fields ranging 1in intensity from 1 to 1000 ce (average, 100-=300 oe).
e found that pigeons 414 not develop conditicaed reflexes to magnetic
fields, vhile fish 414, . He felt that reflexes were affected by msg-

. Detic fields via the diencephialon or diencephalic structures (he also
+: Wentioped these structures as R receptors in his microvave research

i1 {ntect animals and €3% of the time in neuronally 1sols*~d semples. .
Bis approgch here vas snalogous to his 1964 microwave study and, inter-
o8tingly encugh, the results vere similar in showing & megnetic field
%0 be a alrect stimulus .of the central nervous system, However, the

£

2
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frequency (735-kc) EMP on human conditioned reflexes to cold, using -~

csuse of its sensitivity, A portible disthermy generator was used, - - . -
He found that vben field voltage vas veried from 220--330 m7/m . . iu--
(110 mv/a varistion), s conditioned reflex was noted vhich vas - - igst -
attritutable only to the variation in f{eld voltage, e speculated -Tdn

& [10]. Exg's showea ¢ reactions by reddbit brains 53§ of the time -
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effects of other foctors in this study should not be discounted
since, as Kholodov pointed out, vnrubio (so '-pa) nagnetic fields
- were used,

2 7 - In the same investigation, Kholodov studied the impulse
-7 activity of.23 1solated .cortical neurons, ' He could not detect any
- change in thef¥ background activity during exposure to his magnetic
f£ield parameters, btut did pote that their sensitivity to nut 1n- —
creased during, and one min after the action of the field, ( e
Kholodov vas cantious in pointing ocut that the mmber of naurou
studied vas insufficient to drav any concrete conclusions, he men-
tioned that a morphological analyais of glial cells showed them to
be highly sensitive to magnetic fields (he did not specify vhether -
be peant constant or varisble fields), He suggested that the bdio-
physical mechanisms of magnetic field effects on neural structures
night vell be elucidated by tracing the chemical activity of glial
cells, the trophic function of vhich is generally accepted.
Khow plans further research on this epproach, : .

Tt vill be interesting to see how (1f at all) Kholodov's
magnetic field research affects trends in future microvave ressarch
in viev of his asctive interest in the latter,

, Recently, Chizhenkova (29]), as 4f 1in response to Kholodov!'s
resaarch, i{nvestigated the EEG activity of raddbits with chronically
implanted electrodes (sensorimotor area of the right ceredral hemis-
phere) exposed to 300-0e constant magnetic fields, Activily defore,
during, and after the action of the field was monitoced using eix
aninals in 604 tests. He observed a definite stimulatory effect of
the magnetic field and shoved that it vas not a function of switching
the field on or off, He would not speculate on vhich CHS structure ..
vas a specific receptor of EMF's, and suggested that his future
efforts would be dasvoted t0 compering wagnetic effects with thoge of
vesk doses of fonizing radfaticn, This might imply that Chizhenkova

- 4s unsure vhather magnetic fields have a cpecific effect on neural
structures,

. In his most recent communique, Xholodov [27] discissed the
biological effects of magnetic fields in terme of space .biology and
pedicine, He proposed the use of magnetic, antiradistion fields for
spacecraft and also stated that experiments have shown that fluctus-
tions in magnetic field intensity shorten the lifespan of rats, in-
cresse the hunan flicker-fusion threshold, and affect the orienta-
tion of unicellular glgee, higher plents, insects, mollusks, fish,
and birds, Such fluctuations also afféct the general health of people,
as reflscted {n hospital statistics. Increased megnetic field ine-
tensity stimulates xmotor activity, decreases sensitivity to some :
stimuly, and affects activity, Conditioned reflexes to a magnetic

- 21
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£1e1d can be developed in fish, btut not 4n pigeons or ratbits
(2espite the alleged effects of magnetic fields on the furzer).
Human visual images are altered during exposure to s magnetic
£ield under the influence of hypnosis (see ths discussion at the
end of this report) and mescaline, Kholodov restated his belief
thet megnetic fields primarily affect glial cells, as reflected
in 1ndividual neuron activity (perhaps he vas referring to his
1965 research, although he did not cite any publicaticns in this
P‘P“’)‘ Ee also stated that "magneticelly treated vater has a
biolegical effect,” although he did not discuss the mechanisms

or pathvays of this a.l;eged phenoaencn,

In general, it would asppear from Kholodov's atatements and
gesearch that the effects of low-frequency EMF's snd magnetic
£10)ds (especislly intermittent ones) have a direct effect on meural
_gtructures, sad that these effccts are similar to those produced by
‘gontherzal microvave intensities, It will be extremely interesting

are specific EMF and MP receptors will be borne cut by future Soviet
] _?‘.‘erho .

trwwaa v

"¢o ‘see vhether Kholodov's view that the diencephalon and glfal cells -
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" 6, Clinical, thanpéutic, and hyg:.enic upecf.s

Soviet concern for the actusl effect of microvave-reange BMP'S

on hunans has deen no less intense than their theoretical interest

" 4n thase fields, Moreover, this report will shov that the las¢ two
years (especially 1966) have yielded a dramatic increase in the '
volume of material devoted to the therspeutic, clinical, and ..:
especidlly hygienic aspects of human exposure to microvaves and
even magnetic and electric fields, Presently, the chief spokesman
for hygiene 1is Yu., A. Osipov [32].

Othervise, smaller and more isolated groups are sporadically
sctive in this field, Atanelishvili [30), for example, compared: -
the effects of verious physiotherapsutic procedures on bhuman motor
response to light. The effects of UHF, diathermy, and pine daths,
were investigated, No UHP radiation paramaters vere descrihed, A .
total of 71 patients with gastric disorders was exsmined, 4l of = -
vhon received UHF therapy. Atanelishvili found that URF stimulated - -

__motor reactions in the majority of cases, However, he obtained’ . -
basically the saxe results from diathermy and dbath procedures, :
rendering any conclusions as to the specific effects of UHF on the .-
central nervous system doudbtful, He concluded that all three proe o
cedures alter2d the functional state of the CNS, vhich undoubtedly
plays & prauiinant role in the positive effects of therapy.

As regards the hygienic aspects of human exposure to micro-
vaves, it should be noted that this area of concern is of interest
€0 both the military and civilian communities, The Soviet military
mediceal service bas played an active role in sssessing hygienie
conditions and the state of workers expdsed to radar flelds, .
Kspitanenko [(31] conducted a clinicel investigation om 100 young
military personnel (66 cxmrued to redar, 34 coatrol), UHPF fields
vers generated by decireter end centimeter generators. He 4did not
provide any dosimetry data, .

Kapitanenko -oncluded that the pervous system vas the first .
systea to react to UHF, and that the severity of neurological dis-
. orders vas a function of field intensity and duration of exposure,
Astbenia vas a prominant neurological symptom of the deleterious
-effect of UHF, Cardiovascular disorders, also observed, were not:
sharply pronounced and wvere judged to b2 reversible, No specific

thorapy for UHF syaptoms is knovn, although positive results have
been obtained from: 1) intravenous injection of a 40P glucose,

5% ascorbic acid solution (dose and frequency of administration
not given); 2) a strychnine and securinine solution (dose and &d-
ministration details not given); 3) gluseng (no details given);
and L) 0,005 g of Aibasol three times per day, -
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In his Yook reviewing hygienic prohlems of human exposure
to microvave-.range EMP's, Osipov (1965) [32] considered data from .
a8 far back as 1933 relative to the effects of microvave-range ENF's
on the buman pervous system snd other systeas, Am_the aany buman
S syzptcus of microvaves connsistently reported by Soviet observers .
are: loss of memory, migraine hesdaches, insomnis, dizziness, irri-
tability, dermogrsphism, and loss of sppetite, Autoncmic disorders
have been chardcterized by chenges in cardisc, bepatic, and gastro-
{ptestinal function, As Osipov ecees it, sutcnomic dystonie is &
comoa symptom of exposure to microvaves, Eo concluded that the
post comdn aod persistent neural symptoms of microveves are neur-
ssthenie and autonouic (primarily vegotonic) dystonis. These
gycptoms are 6lso observed as a result of exposure to the combined -
effects of microvaves end x-rays, Most uicrovave-induced shifts
‘eve reversible, 6.3., pathological dmmage to neural structures is
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dsually insignificant, according to Osipov. Rarely, microvaves caa . ‘ .o
[cause hallucinations, syncope, end sdynamie (the diencephalic . B

,t‘.~ Osipov feels that the effects of BNPF's are qualitatively
4dentical vithin a wide spectrun (from loag to ultrashort vaves, .
/300 ke to 30,000 ke), His opinion is well borne out by the articles
8d :: m-”more, axd although he doc;d. ot um pzvbmlm of
exposure parely nmagnetic and electric-fie 1t be . R
Fthat Vyslov et sl.(38] mention meny symptoms charscteristic of micro- C:_
)]

“vave effects (headaches, tremors, elevated pain sensitivity, dernog-

R Tegbisa) in workers exposed to constant magnetic fields (150--1500 ca).
Assnova (39] reported characteristic microvave syaptoms (dermogrephisa,
" cardiovascular shifts, ‘rumors, hyperbydrosis, besdache, fatigue,
asthenia, drovsinecs) in workers exposed to electric fields

5115125 1 emp) 4n 400-500-kv hydroelectric stations.
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BX.  Ostpov also nmotes reports of reduced sexusl potency apd bald- . R
R8s induced by wicrovave-range BMP's. He feels that the latter -3

Might be sttriduted to the neurasthenic synirome, although he states
et & "peychological factor” should net be discounted.,
2. .

|

| . :

. IR It should be menticmed tat Osipov, uniike Presaan, Xholodov,
| Kemenskly, aod others, 1s 1nclined to regard the lov-intensity

|

-
.\-

x &ffects of microvaves rothermal™ eff -
;!: ofr ° as “atc e ect{r.thor than non

% ta Since Osipov's comprehensive review, there has beea a virtual
X Ochn Of articles from the Instituts of Industrial Hyglene and
..-“eupmenn Diseases devoted to the hygienic aspects of meter-to-
;,n::fﬂ'hr-rm fields, Here the military effort sboald not be be-
£ ed, Smurove et al, [33] investigated medical persomnel woriing
‘q'l‘;‘{:ﬁ f!v-loth-rnpy generators (1.6 to 2450 me, A equals 184 m to
- ca). He found that vorking conditions around these scurces
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exceeded permissidle exposure limits, e.g., 20 v/a or 10 wv/ca? by

s much &8 tvo orders of magnitude (1702000 mv/ca2). Nere again

the characteristic EXP syndromns vere noted (hesdache, irritebility
inscunis, chest /Dain, dermogrsphism, scrocysncsis, hand tremor, etc:).'
Inpeirment of light sensitivity and dark adsptation were Judged to
reflect increased CNS sensitivity, The characteristic cardige

symptons vere also noted, Smurova concluded that the wide wyye renge
ef fields studied were deleterious to tuman health, an obeervetion
vhich agrees vith the findings of Osipov (32]. L

Drogichina et al. (1966) (34] concentrated on the mrtonomic end
cardiovasculer disorders of personnel exposed to microvave-range rields
up to a "fev mv/cu2® 1n intensity. Along vith the faulliarasthentc
syndrome, this group found that sutoncmic cardiac disorders weie the
most persistent characteristic of exposure to microvaves, ;an‘., ulso
stirituted diencephalic disturbances ({interesting in View of'the theo-

- retical material discussed in this report) end coronary spads to
microvaves. : o L

kY 3
Fukalova [35) sought to establish permiesible limits for per-
sonnel exposed to shortvave (6—=U450 v/m) and ultrashort-vaw i
(4==220 v/a) sourcer, She concluded that all cbserved CNS .
ceosed dy these EMP's vere aggravated by inefficieant work.rest! - -

Fatigability vas ths most prominent of the femilier CIS symtou
observed, -,

To establish-exposure norms, Fukalova exposed animals to lhe,
88-, and 63,7-nc fields (5000 v/m) and found that anicals ia the
ultrashort-veve range vere killed within 5 min, vhile 1 hr sad M0 min
vas required for dsath in the shortvave field, She found the pon- -
thermal threshold intensity (no incresse in bdoly temperature) for
ultrashort vaves vas 150 v/m end for short waves, 2250 v/a, Obrondisc
(duration aot specified) exposure t0 these intensities caused o da-
crease in medulls oblongsta cholinestersse activity more rapidly &uring
exposure t0 ultrashort wvaves than during exposure to short wvaves,
Brain biopotentials vere depressed. An ultrashort.vave inteusity of
20 v/a and a shortvave intensity of 50 v/a were found to be "threshold
irritants,” As in lobanova's study (7], sa ultrashort-vave intensity
of 150 v/n vas sufficient to cause thickening of neural fibers, pro-
toplasnic svelling and vacuolization in the thalsmo-hypothalamic ered
and medulla oblongata, and local karyocytolysis of individual psurons.
Shriveling of occesicnal cortical pyramid cells and newron vacuoles
vas also noted. On the basis of these data, permissible human ex-
posure intensities (duration of exposurs not given) were set at 5 v/o
for ultrashort-vave fields and 20 v/m for shortvave fields,
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The Soviet military mcdical service regards the peural and
other effects of microvave-range EMP's no less seriocualy than the
civilian commpity, Professor I. R. Petrov [36], a Major General :
in the medical service and mwemder of the Academy of Medical Sciences
U3SR, ccacurs vith the findings of the civilian community 4n that &
microveve-field intensity greater thaa 10 mv/cx? constitutes s thermal :
bazard, and that microveve-ranges EXP's directly affect the human CXS.

Panov [37] in s recent article not only sgrees that aicrovaves-
range EMF's directly affect human peural processes, byt classifies
these effects into three familiar symptoms: 1) the meurasthenic syn-
drooe (reversible), mbulatory treatment indicated; 2) sutomomic
vagotonic dystonia (occasionally stable and irreversible), bed rest
ind{cated; and 3) the dlencephalic syndrome (visceral dysfunction,
bhyperscumia, hypokinesis, latent or overt hyyothalmmo<hypophoseal-
sdrenal dspression, depressed sexual end food reflexes), Diencephalic
changes are not alvays reversidle and bed rest (s ipdicated.

Thus, this section veflects the unanimity of the Soviet
civilian and atlitary communities, vhich feel that microwsve-range
EXP's (ebove 10 aw/cal) comstitute en Occupstional basard and that
these fields affect the human central nervous systes, Socwe of the
clinical odservations discussed 1in this section would tend to support
the findings of such researchers as Presasn, Kholodov, Kemenakiy, end
others, vho faeel that microvaves exsrt a specific or nonthermal effect
on asural structures.

Discussion

From the foregoing material, little doubt cam remain that the
I najority of the extonsive Soviet commnity concerned with the dio-
dogical effects of EMP's (and MP's) are of the opinion that these :
fields, especially in the microvave range, directly affest ncural . ' ;
structures and that asural structures (especially the CNS) are the ; o :
woet senaitive to microveve-rsnge BP's, CIB effects have been cobd- .

served as & result of exposure to doth monthermal end thermal ine ]
tensitics of pulsed end nompulsed microvaves, The research of the -

ailitery and civilian communities has been largely perallel, There g :

1s sowe recent evidence that purely magnetic and electric fields ..

can be included as microvave-like C8 stimali, R

. At the present time, Soviet opinion holds that EMPls: 1) affect i
the structurs and chemical reactivity of neural cells (Pressman ’ i
lsasoela Kholodov {10,26,27], Kamenskiy [11], Tolgskaya (4], . '
Iivanits (1,2], and Lovenova (7] and others; 2) thst they may also
effect the molecular structure of neural structures by virtue of
b resonant or other absorption (Presman [5,6]; and 3) that the offects
i of R(F‘s are qualitatively anslagous for a wide frequency range
. 4
!
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(100=30,000 kc) and that nonthermal effects may, in fact, be of & { .

"aicrothermal™ nature in the adsence of mors concrete evidence to
the contrary (Csipov [32) and Presman [6]).

The relationship between Osipov (32] end Presmaa ([6] should
be mentioned since there is a slight disagreement between the two
relative to the nomthermal effects of microvsves, Osipov, vhile ad-
mitting there is evidence that microvarves have s blological, and

especially a neural ¢ffect at fleld intensities vhich do not produce
verceptidle thermoiynamic changes, fesls that it is experinentally
dapossible to demonstrate a specific, e.g., ponthermsl, microvave -~

effect by comparing that alleged effect with a thermocjuivalent come
trol, He reasons that since biological objects are electrically
beterogenecus and since microwvave-range BM(F's have a known selective -
thermnal effect on various tissues and organs, a difference détween a
microvave effect and & neutral Leat effect is not necessarily due to
an unknown extrathermal fector, but might well be a function of sa
uneven distritution of heat in the organism vhich could exert its ova
peculiar effect. The specific action of a microvave EMP, in Osipov's
viev, should only be understocd ss a demonstradle transfer of ENF
ensrgy into nonthermal energy., He therefore feels that the many . |
alleged "nonthermal” microvave efficts accepted by Presuan may vell
be "microthermal™ effects in the sbsence of conclusive experiments)
evidence to the contracy. '

: Presaen, on the other hand, is more inclined to delieve that
i1f 2 aicrovagve M does not result in any perceptidle tempersture
shifts in an organica, then any changs in its behavior, function,
or structure can be attributed to the nonthermal mechanism of the.
EMF, even 1if it is experimentally impossidle to demonstrate that
thermogenic and nonthermogenic EMP intensities each give rise to°
different resctions, In short, Presman feels that there is smple
evidence of the nonthermal effects of microvave-range RFs by virtue
of an ebsolute temperature criterion vhils Osipov feels that, viils
oonthernal effects are entirely possidle, they have not s yet deen
a8 vell substantiated physiologically as thermal effects.

Far from abating, Soviet resaarch efforts in this area showv
every indication of comtimuing at their present pace or evea in-
tensifying, as reflected in the recent large reviev articles,
chiefly by Presuan and Osipov. Presman's last comprehensive reviev,
like Osipov's, vas published in the last half of 1965. At the time
of that writing, he estimated that spproximately 1000 works had been
Published on the biological and medicel uspects of microwveve-range
EMP's. That reviev, unlike his previcus ones, concentrated heavily
on the possidle mechanisms of EMP diologlcal effects. Mast of the
recent articles discussed in the 1965 review were cited by hin a8
evidence of thermal, and, most interesting, nonthermal or épecific
effects of EMP's, ‘“therefore, it would not be inprudent to expect
that more attention will be paid to the biophysical mechanisms of non-
thermal EMP neural effects than has been in the past, although at
the present time, there is little evidence to support this expectation,
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What the purpose is of such 1ntense peuraily oriented resesrch
{n the reals of microvaves, by Soviet theoreticiacs and practitioners .
48 pot entirely clesr to this observer, While Osipov [32) states -~  _..°

—~.
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%

thst thermal intensities sre encountared much less frequently under " "~ .. N

4ndustrial condilions cwing to improved hygienic practice, cliateal -**
evalustions of the potaatial b of nonthermal intensitiee :0n.
tinue at & ateady pace despite Nhiis theory that so-callsd nonthermal o
sffects night well de "microthe e

Presman [6) speculates that microvaves can be developed into
a valuable tonl for evalusting the physical, cherical, and, especially,
molecular properties of tissues., The tharapeutic uses of uicrovaves -
have been well established, Cousidering the rapid development of -
laser technology, it seems loglcal to expect that Soviet 'theoreticians, .- :

3 N, ees

researchers, and hygleniats will soon turn their attention t0 the dioe - :iz-s’

logical, and perhaps even neural, effects of this factor, ' The Soviet: .-
use of lasers for ocular surgery is alrealdy well knowvn (Helmholtz Iae -
stitute of Eye Disenses). Recently, the firat Soviet report to come  ..w--
to the attontion of this obsexver cn the biological effects of rudy -~ ..
lsser redistion wvas pudblisaed, Gorodstskiy et al, [h2] descrided
experioents desd to study the laser adsorption characteristics

of blood, ckin, cle tissue, and vari{ous other animal organs and

tissues. NO prural structures werw meniioned, nor had any of the

suthors' nemer.ever deen noted in connection vith microwvave-oriented
biological research. It seems resscnadle td speculate, howvever, that

the valuadle experience gathered by microvave reacarchers vauld readily

lend itseif to laser prodlams,

0f incidental interest relative to the possidle ramifications
of microvave research is the recent sanocuncemeat [MO] that & special
bloinformation section has deen organized under the segis o the _
Moscov Board of the Scientific.Technical Society of Radiotechnology
dmeni A, S. Popev, The purpose Of this section {s t0 study pare~
psychic phancmena; it is couposed of rsdicengineers, technologists,
hypnotists, medical doctars, biologists, and physiologists, includ-
ing A. S. Presuen, Yu. I, Xsmenskiy, and Yu. A. Xholodov, the three
leading Soviet spokesaen for the nomthermal effects of microvaves =
(and megnetic fields) on neural structures, This group held its
first meeting om 11 Octoder 1565 to discuss "Socas Prodlems of Pare~-
peychology.” The section will proceed to analyza the world liters-
ture on perapsychic phenomena, to record and classify observebls
cases of “spoutanecus™ telepathy, and actually conduct uxperipents
desling vith naturally reproducidle telepsthic phencumens, Professor
and Doctor of Tecinical Sciences I, M. Kogan, Chairwen of this Bioine
forzstion Section, stated in the sancuncement that, "The cra of sen-
sation concerning telepathic phencmens is over. There is no need t0
dispute its existence, but rsther & need to investigate its nature.”
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8ince the initial

snaouncewsct of the organization of this
section in early 1566, orly cne sdditicssl Bit of informstion has - e

to the attention of this cbee:sver ccucerning the actusl fune-,. -
tion of that section (41). This unsigned newspeper article Pabe epin
disbed on 9 October 1566 menticus the fawiliar newe of Yu, I. Kamen-'
skiy s a participant in

& telepathic experiment designed to differe
eatiate the effeacts of

zormal scd hypootic stste on mental . - - ¢
suggestion, ' '
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This coaprehensive report is on Sovitt ¢ .an sdurces published 1952-1966 .
A% a few sources published earlier, primery purpune of the report is to outline
t Tesearch on the effect of low-intensity microwave radiation on the central nerve
ystem of livizg organisas, includiag man, There are six sections in the reportt
Y foope of effort: organizations and ind{vidual researchers; (2} Subject developmenti:
) pecific neural functions and structures; 4; Ia vivo neural effectas(5) Neural = -
tlects of low-frequency electromagnetic and maguetic fields;i6 Clinical, therapeutic,
kyglenic. aspects. Bseh—of-these-sections- may-be-read-independently. < Bive Hocus-
s Wioh follewe summarizes important facts and deductions from the foregoing 8ecs -
' and apeculates on the intensity and type of Soviet research efforts.in this area
the future. The bibliography at the end of the report includes 42 entries.. ( )w
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